There are many factors controlling coalbed methane (CBM) accumulation. So, it is fundamental for CBM exploration and development to identify these factors and investigate their control mechanism. Through statistical analysis of experimental and field test data, the basin tectonic evolution, sedimentary environments and hydrodynamic conditions are comprehensively analyzed, and the gas control mechanism of three main factors (structure, sedimentation and hydrodynamic force) is discussed. Results show that the tectonic evolutions complicated the process of CBM reservoir formation. Multi-episode tectonic stress fields with different features reform the physical properties of coal seams that make areas with high structural principal stress difference convert to high permeability reservoir areas. The mudstone cap rock develops well in shallow water delta system. The coal seams are thick and distributed stably in deltaic plain swamp, and their abundant vitrinite, micropores and strong adsorption capacity are favorable for CBM accumulation. Appropriate hydrodynamic condition may carry secondary biological gas into the gas reservoir to supply gas source, and it is also the main force of methane carbon-isotope fractionation during CBM drainage and production. The methane carbon-isotope fractionation is available to identify the yield stability of CBM well.
INTRODUCTION
The Qinshui Basin is located in southeastern part of Shanxi province (Fig. 1 ). It is a large Mesozoic composite syncline with an axial trending NNE-SSW and an area of 26000 km 2 . The Taiyuan formation of the upper Carboniferous-lower Permian and the Shanxi formation of lower Permian are major coal-bearing strata. According to the latest resource estimate, CBM resources in the Qinshui Basin is 3.96 trillion m 3 , accounting for 10.7% of the total resources in China. The Qinshui Basin is a critical frontier of CBM exploration and development in China. By the end of 2009, over 3600 CBM wells have been drilled throughout the country, of which, 675 wells are exploration wells, over 3,000 wells are development wells and about 1,682 wells have been put into production. Proven reserves are about 299.74 billion m 3 , only as 0.8% of the total resources. Hence, the geologic gas controls on CBM reservoir formation must be further investigated to guide the exploration and development of CBM. With the development of CBM industry and geological study, we got more understanding of the relationship between such control factors and CBM reservoir formation (Zhang et al., 2003; Wei and Han , 2003; Liu et al., 2004; Gui et al., 2004; Jiang et al., 2005; Zhang et al., 2005; Ren et al., 2005; Wei et al., 2005; Qin et al., 2005; Ju et al., 2005; Wei et al., 2007; Shao et al., 2008; Qin et al., 2008; Wang et al., 2010) .
Figure 1. Location of the Qinshui Basin
There are many main control factors for CBM reservoir formation, such as sediment, structure and hydrodynamic force. However, the previous researches usually stressed on single factor, but made less systematical analysis on matching of such factors and their control on CBM reservoir formation. Therefore, based on the geological analysis of CBM reservoir in the Qinshui Basin, we have analyzed the controls of coupling effects among structure, sedimentation and hydrodynamic force on CBM reservoirs and further discussed the features of main control factors coupling effects that are favorable for the enrichment and high permeability of CBM.
STRUCTURAL CONTROL ON CBM ACCUMULATION 2.1. Control of structural evolution
Tectonic evolution controls coalbed methane accumulation through generation, preservation, accumulation, enrichment and late adjustment and reconstruction (Ding et al., 2012) . In other words, it controls the CBM accumulation process by controlling coalbed burial history, thermal history and hydrocarbon generation history. The CBM accumulation in the southern Qinshui Basin can be classified into four stages, based on natures and characteristics of tectonic movements in different stages and the paleoburial depth retrieving results (Fig. 2) .
Figure 2. Coalbed gas burial history, thermal evolution history and gas content evolution history for the southern Qinshui Basin (Su et al., 2005) In the first stage -from the formation of main coal seams to Late Triassic, this area was under the background of normal paleo-geothermal field, when the paleogeothermal gradient was around 3 °C/100 m, and the sedimentary organic matters went through plutonic metamorphic (mature) actions. At the end of this stage, the maximum vitrinite reflectance (Ro, max) reached 0.6%-0.7%, generally to the lower coalification soft coal rank. In this stage, hydrocarbon (mainly bio-gas) was generated for the first time. With the increasing of burial depth, biological gas was preserved in coal seam. Meanwhile, because of low metamorphic degree and weak adsorption capacity, gas content was less than 10 m 3 / t. In the second stage -early to middle Jurassic, the earth crust as a whole was uplifted to make coal seams shallower and heating temperature lower, so there were no or little organic maturation progress. The coal rank distribution basically maintained in the previous pattern. In this stage, organic matter in coal mainly corresponded to the hydrocarbon evolution stage of early thermal degradation gas generation. The total amount of hydrocarbon reached 81.45 m 3 / t and the maximum gas content was up to 14 m 3 / t. In the third stage -from Late Jurassic to Early Cretaceous, Mid-Yanshanian tectonic-magmatic thermal event superimposed a strong additional heat on the normal background of heat flow to form abnormally high ancient geothermal field (Yang, 1999; Ren et al., 1999) . The ancient geothermal gradient was generally over 5.5°C
/100 m. Regional thermal metamorphism took place in sedimentary organic matter, constituting the main gas generation stage, when the gas generation was wide and intensive and provided gas totally up to 359.10 m 3 / t (Su et al., 2001) . Adsorption capacity of coal was greatly increased and the maximum gas content reached 28 m 3 /t. In the fourth stage -from late Cretaceous to Quaternary, the earth crust was uplifted to lower heating temperature of coal seams and end organic maturation and hydrocarbon generation.
Obviously, the tectonic evolution made the CBM accumulation in the Qinshui Basin complex and in stages. The thermal metamorphism induced by structurally abnormal thermal event was necessary for the formation of high coal rank CBM reservoir (Guo and Guo., 2010) . Once reaching the evolution peak, the reservoir would go into the adjustment and reconstruction period without hydrocarbon generation.
Control of tectonic-thermal evolution on gas generation
In middle-late Yanshanian period, tectonic-thermal evolution accelerated metamorphism of coal seam and enhanced generation of a great amount of hydrocarbons, which provided gas source to CBM reservoir. According to statistics of gas content and isotope, the gas is dominated by methane and includes little CO 2 and N 2 . There are 91.5%-98.6% of Methane, 0.08%-3.25% of CO 2 and 0.06%-5.25% of N 2 . Methane carbon isotope ranged from -29.63‰ to -35.39‰ (Fig. 3) . It is typically thermogenic gas. 
. Impact of stress on permeability
There are very complex factors influencing coal seam permeability. Generally, internal factors such as coal seams cleat and cracks play leading roles. However, under the background of complex geology in China, external factors such as in-situ stress have particularly significant influence on coal seam permeability. Effective stress is closely related to permeability (Zhang et al., 2000; Yuan et al., 2011; Cheng et al., 2010) . The author has investigated the measured permeability and minimum in-situ principal stress in Yangquan, Hancheng, Qinyuan, Jincheng, Lu'an, etc. It is found that various factors have different impacts on coal seam permeability. In-situ stress is the main factor. The relationship between permeability and in-situ stress is illustrated in Fig. 4 , which shows that permeability and minor in-situ principal stress have an exponential relation. When the minimum in-situ principal stress is smaller than 12.0 MPa, the permeability ranges in 0.017 md -16.17 md or 2.41 md averagely. When the minimum in-situ principal stress is greater than or equal to 12.0 MPa, the permeability varies from 0.002 md to 0.44 md with its average of 0.10 md. It is shown from the correlation between measured permeability and calculated effective stress that the coal seam permeability and the minimum effective stress also have an exponent relationship (Fig. 5) . Therefore, permeability has a better correlation with effective stress than that with in-situ stress. When the effective stress is smaller than 7.0 MPa, permeability ranges between 0.013 md and 16.17 md with average of 1.72 md. When effective stress is greater than 7.0 MPa, the permeability ranges from 0.002 md to 0.44md or 0.117 md averagely. 
Control of modern tectonic stress field on high permeability areas of CBM
Wall distance of intrinsic fractures in coal seams, a function of ground stress intensity and direction, plays critical roles on primary permeability. There are two opposite effects of the principal tectonic stress difference of wall distance and permeability. When the direction of the maximum principal compressive stress is consistent with the development orientation of predominant fracture sets of rocks, the fracturing face is actually under the relative pulling function. The larger the principal stress difference is, the stronger the relative pulling effect will be, and then more favorable for the increasing of wall distance and permeability it will be. When the direction of the maximum principal compressive stress is vertical to the development orientation of predominant fracture sets of rocks, the fracturing face is under squeezing action. The larger the principal stress difference is, the stronger the squeeze effect is, the smaller the wall distance of fractures are or even closed the lower the permeability is. That is to say, tectonic stress affects initial permeability of reservoirs through controlling opening or closing degrees of intrinsic fractures substantially.
Since the maximum modern principal stress in the Qinshui Basin is NEE-SWW (Qin et al., 1999) , nearly vertical to the fractures in roof and basically parallel to cleats and fractures, the cleats and fractures are mainly in extensional state. The former is favorable for enhancing sealing capability of the cap rocks, and the latter is favorable for increasing permeability of coal seams. That is why the coal seam permeability in this area increases with principal stress difference (Wan et al., 1993) .
Therefore, we can use the coupling between stress difference and direction of modern tectonic stress field and test permeability to simulate the modern principal stress difference and predict the high permeability areas (Ren et al., 2005) . The results show that linkage between principal stress difference and permeability is K=0.0147e 0.0416∆σ (r=0.7479) in main coal seams of Shanxi formation and K=0.0668e 0.0178∆σ (r=0.4040) in main coal seams of Taiyuan formation. Therefore, principal stress difference of the Qinshui Basin can be divided into 3 levels responding to 3 levels of permeability: (1) High principal stress difference, with principal stress difference > 100 MPa and coal seam permeability > 1.0 md; (2) Medium principal stress difference, with principal stress difference of 55 MPa -100 MPa, and permeability of 0.5 md -1.0 md; (3) Low principal stress difference, with principal stress difference < 55 MPa and permeability < 0.5 md. Meanwhile, finite element numerical simulation is carried out by using the software ANASYS12.1. It shows that high principal stress difference is distributed in Yangcheng, between Lucheng and Qinyuan, and between Wuxiang and Zuoquan from south to north. These three areas feature high permeability (Fig. 6) , similar to the simulation results by others (Zhang and Wang, 1999) .
It is also confirmed by production that Puchi and Xuxi in the southern Qinshui Basin have a minimum principal stress of less than 7 MPa, corresponding to high permeability area, where average daily gas production of single well is more than 3000 m 3 /d and most daily gas production can reach 7000 m 3 /d. 
SEDIMENTARY CONTROLS ON CBM ACCUMULATION
Sedimentary environment can control the accumulation process of CBM and form a related reservoir and seal assemblage.
Sedimentary environment

Controls of sedimentary environment on CBM generation
Coal was formed in a swamp environment, which requires that the ground should be close to the water table (usually about 1 meter above or below) for the water accumulation. In all sedimentary environments, the tidal marsh and delta are most favorable for swamp formation (Jin et al., 2008) . As tidal flats and delta are near the sea and the ground is near the water table, water is prone to accumulate. While in alluvial fan and river environments, the ground is usually much higher than the water table and water is not prone to accumulate, only some small-scale swamps are developed locally that are not favorable for the development of peat-forming swamps.
In the Qinshui Basin, coal was formed in peat-forming swamps in tidal flats and deltas. Coal seams of Shanxi Formation formed in abandoned delta plain swamp facies are thick, around 4m to 8m, and simple, especially in Yushe, Anze, Qinshui, Yangcheng, Jincheng, etc. Those in the costal margin sandbar facies are thinner, around 4m to 6m, typically in Jincheng, Yangcheng and Anze etc. Coal seams in distributary channel facies are unstable, with their thickness from 0m to 8m, typically in Xishan, Yuci, Yangquan, Zuoquan and Changzhi, etc. Coal seams of Taiyuan Formation in tidal delta and plain swamp facies are thick, around 4m to 8m, and mainly distributed in Xishan, Yangquan, Yuci and Zuoquan, etc. Coal beds in retained lagoon facies are thin, around 2m to 6m, especially in Yushe, Qinxian and Anze, etc. Coal seams in barrier bar area are relatively stable, 2m to 4m, mainly in Qinxian-Qinshui, Changzhi, Yangcheng and Jincheng, etc.
Controls of sedimentary environment on permeability of coal seam
The coal macerals vary in different sedimentary environments. Coal seams, formed in the overlying water and oxygen-free sedimentary environments, have high vitrinite contents which are favorable for the development of cleats and have good physical properties for CBM storage. In a variety of coal-forming environments, as tidal swamps are often flooded by sea-water, they are mainly water overlying swamps, where the reducibility is strong and the coal seams with high vitrinite content and welldeveloped cleats have good physical properties for CBM storage and have large adsorption capacity of CBM (Yao et al., 2010) .
Generally, for the tidal flats and deltas, the reducibility of tidal flat swamps is stronger than deltas. Therefore, in tidal swamps, the vitrinite content is higher and the physical property is better than that in deltas. Taking two main coal seams in the Qinshui Basin for example, the vitrinite content of No.3 coal seam in Shanxi Formation is 35% to 93%, mostly between 60% and 80%, with an average of 74.82 % (Fig. 7) . The average porosity of No.3 coal seam is 5% and the average permeability is 0.1×10 -3 um 2 . Whereas, in the main coal seam (No.15 coal seam) formed in the vitrinite tidal flat paludal facies of Taiyuan Formation, the vitrinite content is 50% to 92.5%, mostly between 70% and 80% and with an average of 78.02% (Fig. 8) Through statistical analysis of measured vitrinite reflectance, porosity and permeability of coal seams in the Qinshui Basin, and according to the correlation between porosity and coal rank (Fig. 9) , it is found that the porosity declines sharply when the vitrinite reflectance R o increases from 1.1% to 3.2%, and reaches the minimum when R o decreases from 11% to about 2%; later, as the coal rank rises, the porosity goes up greatly, and to another peak -12% when R o remains at about 4.3%, and then it reduces quickly. The correlation between porosity and permeability shows (Fig. 10 ) that the permeability tends to grow with the porosity. Therefore, this tendency is identical to that of the correlation between porosity and coal rank. 
Control of sedimentary system on reservoir-seal assemblage of CBM
The sedimentary system of Shanxi Formation in the northern Qinshui Basin is shallow water deltaic deposit system. The roof of coal seam is mainly mudstone with strong sealing capability in most areas, except for the channel sandstone which are developed in the north. We analyzed specific distribution of roofs and floors of two main coal seams based on the discussion of drilling data, sub-layer classification and correlation results, sedimentary system and precedent researches on characteristics of cap rocks of the main coal seams in the Qinshui Basin.
The roof of No.3 coal seam of Shanxi Formation (Fig. 11a) is a thick-layer mudstone or silty mudstone and medium-coarse sandstone locally, with the thickness between 5 m and 25 m. The mudstone has good continuity laterally. It is better developed in the south than that in the north. The medium-coarse sandstone has a banding distribution and has significant erosion to coal seams. The content of clay mineral kaolinite in roof mudstone of No.3 coal seam is higher than that in Taiyuan Formation; there are also a small amount of illite and montmorillonite mixed-layer in mudstone. It is difficult to see the fractures microscopically and rarely possible to observe the pores microscopically. It indicates from drilling information that the coal seam roofs, mainly with mudstone, in Well Pan2, Well Chang1 and Well Xi4 areas, are thick. Whereas coal seam roofs in Well Yang3, Well Jie4, Well Lao1 and Well Qin5 are mainly argillaceous siltstone. Mudstone with median pore diameter of 220Å, porosity of 12%, total pore volume of 0.276 cm 3 /g, replacement pressure of 24.7 MPa and matrix permeability of 8.97×10
-4 md has strong sealing capability. The floor of No.3 coal seam (Fig. 11b) is a thick sandy mudstone and argillaceous siltstone with thickness of 2 m to 15 m. There are also some mudstone or fine-grained sandstone locally. Lateral continuity of sandy mudstone and argillaceous siltstone is not as good as that of the roof. The regional distribution regularity is not obvious. Clay minerals in sandy mudstones and argillaceous siltstones are nearly all kaolinite. Only a small amount of secondary pores can be observed microscopically. Tectonic fracture can be occasionally observed microscopically. According to drilling information of Well Qincan 1, it is found that the lithology of No.3 coal seam floor is changed into argillaceous siltstone. Sandy mudstone has strong sealing capability, with its median pore diameter, porosity, total pore volume, displacement pressure and basement limestone permeability of 524 Å, 6%, 0.0093cc/g, 110 bar and 7.31×10 -2 md respectively.
The roof of No.15 coal seam (Fig. 11c) is an open marine platform facies Miaogou limestone, i.e. K 2 limestone. It is 3-10 m thick, tight and continuously distributed in the area, providing good seal. Generally, the roof becomes thicker from NW to SE. In the north of the Basin, there is a 2-3 m mudstone between Miaogou limestone and coal seam, enhancing the sealing capacity of the roof. The limestone is usually best developed in Yangquan, followed by both wings of the basin, but worst in Jincheng and Yangcheng. Through mercury injection experiment, some micropore parameters are obtained: median pore diameter 334Å, porosity 18.4%, total pore volume 0.037 cc/g, displacement pressure 100bar, and basement permeability 3.56×10 -3 md. The whole rock permeability is also dependent on fissure development.
The floor of No.15 coal seam (Fig. 11d ) is a thick mudstone or silty mudstone, with medium fine-grained sandstone locally, 3-20 m thick. Its spatial variation and continuity are not as good as that of K 2 limestone, with thickness growing from north to south and less silty content. In one region, the mudstone contains denser fissures than limestone at the roof, but has similar fissure occurrence and development with shale at the roof. According to drilling information, it is more than 7m in Wells Yang 3, Qincan 1 and Pan 2 areas. The measured median pore diameter, porosity, total pore volume, displacement pressure and basement limestone permeability are 216 Å, 8.9%, 0.0193 cc/g, 270 bar and 1.24×10 -3 md respectively. Referring to evaluating indicators of conventional gas caps, and considering aforesaid factors for coal seam roof and floor, the roof and floor seals can be classified into three types: barrier layer, semi-barrier layer and gas-permeable layer (Table 1) . According to the classification in the table above, in the Qinshui Basin, No.15 coal seam roof is a gas-permeable layer in Yangquan, a barrier layer in JinchengYangcheng, and a semi-barrier layer in most areas; No.15 coal seam floor is mainly a barrier layer and semi-barrier layer partially. No.3 coal seam roof in the Qinshui Basin is mainly a barrier layer and is a semi-barrier layer or gas-permeable layer locally. The floor is mainly a semi-barrier layer or a barrier layer in some areas. Overall, in the shallow water delta sedimentary system, the well-developed coal seam roof mudstone has strong sealing capability.
CHARACTERISTICS OF HYDROGEOLOGICAL CONTROLS ON CBM 4.1. Hydrogeological environment of biogenic gas generation
Methanogen are truly anaerobic bacteria. In nature, methanogen can only grow after the oxygen, nitrates and almost all sulphates contained in the medium have been reduced. Methanogen can only live under anaerobic conditions in which the oxidationreduction potential is smaller than -330 mV. The most appropriate oxidation-reduction potential is -540 to -590 mV. Many simulation experiments show that the most favorable temperature for the growth of methanogen is 36 °C to 42°C. The metabolism of methanogen is confined by aqueous medium PH value. The most favorable PH value is 7.0 to 7.2. Given PH value below 6.2, most methanogen stop growing or grow without producing methane. When PH value is close to 8.8, solubility of CO 2 approaches zero, so most methanogen cannot survive (Kang et al., 2004) ; salinity of formation water affects greatly the accumulation of low coal rank CBM. It is measured that when the salinity of aqueous medium is smaller than 0.4×10 4 ppm, methanogen are most active and produce the highest rate of gas. When salinity is too high or too low, it is negative to the growth and development of methanogen.
Water samples are taken from No.3 coal seam in Fanzhuang Block in the southern Qinshui Basin. The test shows that the PH value of water is between 7.4 and 9.3 and the water salinity is 1126.15-4795.52 mg/L. Considering the above biogenetic gas generation conditions, the conditions in Fanzhuang Block are extremely adverse to the growth of methanogen. However, from the CBM origin plate (Fig. 3) , there is a small amount of secondary biogenetic gas in the block. The author believes that there was mixing action of atmospheric water and formation water; whereas atmospheric water might have carried palaeo-methanogen into coal seams to generate part of the secondary biogas. It is a good example for this mixing effect that the correlation of H and O isotopes is deviated from the curve of global atmospheric precipitation (Fig. 12) . Figure. 12 H and O isotope correlation of water produced from coal seams in the southern Qinshui Basin
Hydrodynamic condition of methane isotope fractionation
Drainage and pressure reduction may result in the ground stress releasing, coal matrix expansion, relatively reduction of fluid pressure and formation of lower potential zone in the stress releasing place. 12 C 1 which is pre-desorbed from coal and partly precipitated from water-soluble gas is carried by hydrodynamic force from higher potential area to lower potential area, resulting in the fractionation characteristics of δ 13 C 1 in the produced gas is light in the early stage and heavier in the late period. Therefore, detection of δ 13 C 1 during drainage and production process is available to identify the stability of CBM production. Thus, the smaller the variation of δ 13 C 1 value, the larger the range of desorption and the better production stability. If δ 13 C 1 varies greatly, it indicates that production is not stable. Obviously, during the whole processes of production and fractionation of CBM, hydrodynamic force is the major geological force.
We can predict CBM production stability and productivity based on the quantitative relations between carbon isotopes of methane and desorption rate during natural desorption. Taking Well X-2 as an example, the methane carbon isotope difference is linear-correlated to the desorption rate. Their relationship is ∆ 13 δC 1 = 0.1214×desorption rate -1.3405. According to the field drainage and production data during the early production, the gas production is 4,628m 3 and the 13 δC 1 of gas sample is -31.1‰; after four years, gas production is 49,098m 3 , the cumulative gas production is 4.6886 million m 3 , and the 13 δC 1 is -30.8‰, with ∆ 13 δC 1 of 0.3‰. This small change indicates that this well belongs to a stabilized well. The desorption rate, calculated by using the quantitative relationship, is 13.5%. It is estimated that the recoverable reserves of this well is 17.3652 million m 3 . The change of isotopes is an important indicator for the stable production of CBM well.
EFFECTS OF MAIN CONTROL FACTORS ALLOCATION ON CBM ACCUMULATION
The allocation relationships among sedimentation, structure and hydrodynamic force control the accumulation of CBM. These relationships can be divided into three categories.
(1) The most reasonable allocation The permeability of coal seam is high in the areas where the principal stress difference is high. The coal seam formed in deltaic plain swamp is thick and stable, with mudstone roof. The coal seam in tidal flat marsh is characterized by high content of vitrinite and well-developed cleats. The CBM well located in stagnating flow or week runoff area and at the high point of the structure can easily achieve the high and stable yield in early period of drainage and production. Hydrodynamic force is the main geological agency for methane isotope fractionation during the process of water drainage and CBM production.
(2) Reasonable allocation The permeability of coal seam is expected high in the areas with big principal stress difference. In Epicontinental Sea carbonate platform and barrier island complex depositional systems, although the coal seam in deltaic plain swamp and tidal flat swamp is thick and stable, the capping roof of coal seam is limestone that is not favorable for preservation and accumulation of CBM. The CBM well located in stagnating flow or week runoff area and at the low point of the structure can achieve the high and stable yield in middle and later period of drainage and production. The flow velocity of water is the key factor for high yield of CBM.
(3) Unreasonable allocation
If the structural principal stress difference is small, the fractures and cleats of coal seam will be closed and the permeability is low, which is not favorable for the production of CBM. although the allocation of sedimentary environment and hydrodynamic condition is good. The effective reservoir reconstruction is needed for the further development.
If the allocation is only good for the sedimentary environments and structures, the hydrodynamic force is active. That is not favorable for the accumulation of CBM, let alone the high yield.
(4) Considering the geologic characteristics of CBM in the Qinshui Basin, the gas control of such factors as structure, sedimentation and hydrodynamic force and the CBM enrichment rules, it is believed that the most reasonable allocation occurs along Sihe-Daning-Panzhuang-Fanzhuang, which is the major zone for CBM capacity construction in the Qinshui Basin; the reasonable allocation is seen along Zhengzhuang-Xiadian-Mabe-Anze and Yangquan-Shouyang, which are critical replacement areas for CBM capacity construction in the basin.
CONCLUSIONS
1) Tectonic evolution controls the accumulation process of CBM. The favorable allocation of tectonic evolution and methane generation led to generation of abundant CBM, especially the thermogenic gas generated by secondary hydrocarbon generation in the Yanshanian Period tectothermal event is the main gas source of CBM reservoir in the Qinshui Basin. Wuxian, Qinyuan and Yangcheng are predicted to be high-permeable, based on the relation between the structural principal stress difference and permeability.
2)
The shallow water delta sedimentary system of Shanxi formation in the southern Qinshui Basin controls distribution of coal roof mudstone. The sealing capability of CBM is strong in the areas with mudstone developed. Considering the distribution of roof lithology, the sealing capability of Shanxi formation is stronger than Taiyuan formation in the Qinshui Basin, especially in the south. The thick coal seams distributed stably in deltaic plain swamp, with high content of vitrinite and well-developed cleats, have high permeability and strong adsorption capacity.
3)
The small amount of biogenetic gas carried by hydrodynamic force supplements CBM source to a small degree. Hydrodynamic force is the major geological agency for methane isotopic fractionation during the process of water drainage and CBM production. In a long-term view, the δ 13 C 1 value changes slightly, indicating that the range of desorption radius is constantly enlarged and the production is stable. The exploitable yield of single well can be calculated by the linear relation between methane carbon isotope difference and desorption rate 4)
The matching of structure, sedimentation and hydrodynamic force controls the accumulation and development of CBM. The most favorable allocation occurs at the structural high in the stagnating flow or week runoff areas with high structural principal stress difference, and in delta plain peat swamp and tidal flat swamps where the coal was formed in shallow water delta sedimentary system. All these areas provide high and stable yield of CBM. The analysis shows that the most reasonable allocation occurs along Sihe-DaningPanzhuang-Fanzhuang, which is the major zone for CBM capacity construction in the Qinshui Basin
